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D script ion 

This invention relates to a prinner connposition and a plastic lens having a prinner layer. The primer composition of 
this invention, when applied as a coating to a plastic optical part such as a plastic lens and heat-treated at a relatively 

5 low tennperature for a short length of time, cures and forms a film with excellent smoothness. It permits production of 
plastic optical parts excelling in shock resistance, heat resistance, proofness against friction, chemical resistance, 
weatherability. and appearance and, moreover, enjoys a long storage life. 

tn recent years, the plastic lens, owing to such features as light weight, resistance to shock, ready formability, and 
dyeability, has been rapidly disseminating in the field of optical materials, particularly eyeglasses. The plastic lens, 

10 however, is generally at a disadvantage in very readily sustaining injury. Usually for the purpose of improving the plastic 
lens in surface hardness, the practice of providing the plastic lens on the surface thereof with a silicon type hard coat 
is prevailing. Then, a great value is added to the plastic lens by forming on the surface of the hard coat film an antire- 
ftection film by the vacuum deposition of an inorganic substance for the purpose of preventing the plastic lens from 
producing surface reflection, a cause of the flicker of an image on the part of eyesight (subdued contrast by flare or 

15 ghost aiming to degrade the reflectance of light and exalt the light transmittance). 

The plastic lens which is provided with both the hard coat film and the antireflection film, however, is at a disad- 
vantage in suffering a marked loss of the resistance to shock because the softness, namely the shock-absorbing 
property, of the lens is sharply lowered as compared with the plastic lens provided with no film at all or the plastic lens 
provided with only a hard coat film. In the U.S., the medical instruments including eyeglasses and the medicines are 

20 subject to relevant safety standards and the eyeglass lenses which are instruments for correcting visual power are 
subject to the Food and Drug Administration (hereinafter referred to briefly as "FDA") standard. According to the FDA 
standard, a given plastic lens is required to avoid being shattered when an iron ball, 5/8 inch (16.3 mm) in diameter 
and 0.56 ounce (15.9 g) in weight, is dropped from a height of 50 inches (127 cm) thereon. While most plus lenses 
pass the FDA standard because they are amply thick at the center, some, if not all, minus lenses fail to pass the FDA 

25 standard because they are thin at the center. Recently the minus lenses have been tending toward gradually losing 
thickness in the central part by reason of appearance to the extent of posing a problem of deficiency in shock resistance. 

Regarding the plastic lenses which have undergone the surface treatments for a hard coat and an antireflection 
coat, several methods have been already proposed for enabling these plastic lenses to pass the test of shock resistance 
specified by the FDA standard. The first method consists in improving the minus lenses in shock resistance by giving 

30 them increased center thicknesses. 

This method, however, is unfavorable in terms of practical use because it gives the minus lenses increased edge 
thicknesses and consequently add to their weights besides impairing their appearance. Depending on the kind of 
material to be used, however, some of the plastic minus lenses which have been given increased center thicknesses 
fail to pass the FDA standard. 

35 The second method consists in imparting to materials for the plastic lenses such impact strength as enables the 

plastic lenses to pass the test of shock resistance specified by the FDA standard in spite of a possible decline of the 
impact resistance due to the provision of both the hard coat film and the antireflection film. The proposals of this method 
are disclosed in Japanese Patent Application Laid-Open No. 61-170701 , Japanese Patent Application Laid-Open No. 
1-244401, Japanese Patent Application Laid-Open No. 2-36216, Japanese Patent Application Laid-Open No. 

40 4-159309, Japanese Patent Application Laid-Open No. 4-161412, Japanese Patent Application Laid-Open No. 
4-126710, Japanese Patent Application Laid-Open No. 5-5011 , Japanese Patent Application Laid-Open No. 4-142315, 
Japanese Patent Application Laid-Open No. 4-161410, Japanese Patent Application Laid-Open No. 4-161411, Japa- 
nese Patent Application Laid-Open No. 4-202308. and Japanese Patent Application Laid-Open No. 4-202309, for 
example. 

45 The plastic lenses embodying these proposals are invariably in a state provided with neither of the hard coat film 

and the antireflection film when they pass the FDA standard. They have the smallest center thicknesses of 1 .5 mm or 
2 mm, a size still targe for a minus lens. None of the materials which have been heretofore proposed for the plastic 
lenses is capable of imparting to the plastic lenses shock resistance sufficient for practical use. 

The third method consists in interposing between the plastic lens substrate and the hard coat layer a primer layer 

50 formed of a resinous composition. 

The primer layer by nature has been proposed as one means for improving the fastness of adhesion between the 
plastic lens substrate and the hard coat film. It aims mainly to improve the tightness of adhesion similarly to such 
measures for surface modification as saponification and plasma treatment. The advanced techniques on the primer 
layer proposed for this purpose include a method which uses an epoxy compound (Japanese Patent Application Laid- 

55 Open No. 60-214301 ), a method which uses an acrylic and/or methacrylic compound and an aromatic vinyl compound 
(Japanese Patent Application Laid-Open No. 60-214302), and a method which uses a primer composition comprising 
an acryl polyol and a polyfunctional organic isocyanate compound (Japanese Patent Application Laid-Open No. 
61-114203). for example. These methods invariably accomplish the improvement in the fastness of adhesion and attain 
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the impartation o1 such characteristics as chemical resistance and nevertheless fail to improve the shock resistance. 

Methods which use polyurethane resin for the primer layer aimed at improving the shock resistance have been 
proposed. The methods disclosed In Japanese Patent Application Laid-Open No. 63-14001 and Japanese Patent 
Application Laid-Open No. 63-87223 consist in obtaining a polyurethane resin layer by applying a polyurethane resin 

5 solution to a plastic lens and then causing the solvent to volatilize from the applied layer of the solution. The polyurethane 
layer consequently obtained is a film of a so-called thermoplastic resin which has no cross-linked structure. When the 
plastic lens provided with this polyurethane layer is -immersed in a hard coat solution for the deposition of a hard coat 
film thereon, the polyurethane in the primer layer is dissolved in the solvent of the hard coat solution, released into the 
hard coat solution, and often suffered to pollute the hard coat solution. Further, the primer layer is often corroded by 

10 the solvent and consequently deprived of transparency and suffered to opacify. Japanese Patent Application Laid- 
Open No. 61-114203 discloses a method which comprises applying a primer composition comprising an acryl polyol 
and a polyfunctional organic isocyanate compound, allowing the applied layer of the primer composition to cure, and 
forming a polyurethane layer possessing a cross-linked structure. Since this method uses an isocyanate compound 
capable of reacting with active hydrogen at normal room temperature, it entails the disadvantage that the primer solution 

15 does not have a very long storage life because the reaction of the hydroxyl group of the polyol with the isocyanate 
group proceeds even during the storage of the primer solution. 

Japanese Patent Application Laid-Open No. 3-109502. Japanese Patent Application Laid-Open No. 4-366801, 
and Japanese Patent Application Laid-Open No. 5-25299 disclose a method for improving the storage life of the primer 
solution by using a block type isocyanate thereby curbing the reaction of isocyanate with the polyol at low temperatures. 

20 For the purpose of first applying the primer solution to a lens and then curing the applied layer of the primer solution, 
however, the primer solution must be preparatorily divested of the blocking agent. The removal of the blocking agent 
necessitates a high temperature exceeding 120°C. This method, therefore, is handicapped by the fact that it cannot 
be effectively applied to a plastic substrate having no very high softening temperature. It also has the problem of notably 
varying the color tone of a plastic lens which has been dyed with an organic dye. 

2S This invention, conceived in due recognition of the problems of the prior art mentioned above, has an object of 

providing a primer composition which enjoys a long storage life and, when heat-treated at a relatively low temperature 
for a short length of time, cures and gives rise to a film excelling in fastness of adhesion and smoothness, manifests 
an effect of notably improving the impact strength of plastic optical parts, causes virtually no change of the color tone 
of dyed optical parts, and incurs substantially no exudation from the primer layer during the formation of a hard coal film. 

30 This invention also has an object of providing a plastic lens which is possessed of a hard coat film alone or of a 

hard coat film in combination with an antireflection film and is provided between the plastic lens substrate and the hard 
coat film a primer layer capable of being cured by a heat treatment at a relatively low temperature for a short length of 
time. 

According to one aspect of this invention, there is provided a primer composition, which has as essential active 
35 components thereof; 

(A) a polyvinyl acetal represented by the formula (I) 

-(CH2CeCH2CH)a-(CH2CH)b-(CH2CH)c- ( I ) 



45 



SO 



0 0 OH 0 

\ / I 
CH C=0 

I I 



(wherein R"" represents a hydrogen atom or an alkyi group of 1 - 20 carbon atoms, a the composition of repeating 
units having an acetal group (fraction of component units) in the range of 10 - 90, b the composition of repeating 
units having an OH group (fraction of component units) in the range of 1 0 - 90, c the composition of repeating units 
having an acetyl group (fraction of component units) in the range of 0 - 10. and a -i- b + c = 1 00); 
55 (B) at least one cross-linking agent selected from the group consisting of hydrolyzable organosilane compounds 

represented by the formula (II) 
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2 3 .1 
^ 4-(d+e) 



(II) 



(wherein and independently represent a substituted or unsubstituted hydrocarbon group of 1 - 6 carbon 
atoms. represents a hydrolyzing group, and d and e independently represent an integer of O to 3) or the hy- 
drolysate thereof and hydrolyzable organosilane compounds represented by the fornnula (III) 



10 
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20 
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30 



(III) 



(wherein R"^ represents an organic group of 2 - 8 carbon atoms, R^ and R^ independently represent a substituted 
or unsubstituted hydrocarbon group of 1 - £ carbon atoms, represents a hydrolyzing group, and f and g inde- 
pendently represent an integer of 0 to 2) or the hydrolysates thereof; 

(C) at least one compound selected from the organometaltic alkoxide compounds represented by the formula (IV) 



\ 



C-0 

// \ 
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(IV) 
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50 



55 



(wherein R'' represents an alkyi group or alkoxy group of 1 - 4 carbon atoms, R^ and R® independently represent 
an alkyI group of 1 - 4 carbon atoms. M represents A! or Ti, o represents an integer of 0 to 2. p represents an 
integer of 1 to 4. and o + p represents the valency of IVI which is 3 or 4); and 

(D) minute inorganic particles and has the content of polyvinyl acetal as the component (A) in the range of 0.1 - 
20% by weight, the content of cross-linking agent as the component (B) in the range of 0.01 - 10% by weight, the 
content of organometallic alkoxide compound as the component (C) in the range of 0.01 - 10% by weight, and the 
content of minute inorganic particles as the component (D) in the range of 0 - 30% by weight. This primer compo- 
sition has such very useful features as enjoying a long storage life and. when heat-treated at a relatively low 
temperature for a short length of time, curing and giving rise to a film excelling in fastness of adhesion and smooth- 
ness, manifesting an effect of notably improving the impact strength of plastic optical parts, causing virtually no 
change of the color tone of dyed optical parts, and incurring substantially no exudation from the primer layer during 
the formation of a hard coat film. 

According to another aspect of the present invention, there is provided a plastic lens which has hard coat layers 
deposited one each on the opposite surfaces of a plastic lens substrate and has interposed between at least one of 
%e opposite surfaces of the plastic lens substrate and the hard coat layer overlying the surface a primer layer formed 
of a cross-linked polyvinyl acetal resin. This plastic lens exhibits outstanding shock resistance and possesses qualities 
high enough to pass the FDA standard. In this case, the primer layer made of the cross-linked polyvinyl acetal can be 
formed by applying to the plastic lens surface a primer composition resulting from solving polyvinyl acetal as a main 
component, a hydrolyzable organosilane compound or a hydrolyzed condensate, either an alkoxide compound of alu- 
minum or titanium or an alkoxide diketonate compound of aluminum and titanium, and a curing catalyst and heat- 
treating the applied layer of the primer composition. Further, by applying to the plastic lens surface a primer composition 
having minute inorganic particles dispersed in the primer composition mentioned above and heat-treating the applied 
layer of the primer composition, there is formed a primer layer which comprises a cross-linked polyvinyl acetal resin 
and contains the minute inorganic particles dispersed in the resin. 

The drawing schematically represents a preferred embodiment of the plastic lens of the present invention which 
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is possessed of a primer layer. 

The polyvinyl acetal represented by the formula (I) and used as the main component of the primer composition of 
this invention appropriately has the acetal moiety thereof contain an alkyi group of 0 to 20, preferably 0 to 10. carbon 
atoms. The polyvinyl acetal Is particularly prelerably a polyvinyl butyral which has an alky! group of three carbon atoms. 
Appropriately the degree of acetalization of the polyvinyl acetal is in the range of 10 to 90%. preferably 20 to 80%. 

If the degree of acetalization is less than 10%, the polyvinyl acetal will not fully improve the impact strength. If it 
exceeds 90%, the polyaceta! will not be easily synthesized and, when synthesized at all, the polyacetal will possibly 
lower the fastness of adhesion to a plastic substrate. 

Advantageously the polymerization degree of the polyvinyl acetal is not more than 5,000, preferably in the range 
of 100 to 3,000. If the polymerization degree is unduly high, the polyvinyl acetal will not be easily solved in a solvent 
and will not be easily synthesized with the optimal degree of acetalization. Conversely if the degree of polymerization 
is unduly low, then the polyvinyl acetal will not fully improve the impact strength. 

Incidentally, the acetyl group in the polyvinyl acetal of the formula (I) is not an essential component for this invention. 
Since the polyvinyl alcohol as the raw material for the polyvinyl acetal is synthesized by the hydrolysis of polyvinyl 
acetate, the acetyl group inevitably remains in a small amount in the produced hydrolysate. 

Appropriately the amount of the polyvinyl acetal to be added to the primer composition is in the range of 0.1 - 20% 
by weight, preferably 1-10% by weight. If the amount of the polyvinyl acetal to be added is unduly large, the primer 
composition will acquire unduly high viscosity and incur difficulty in being applied to a plastic optical part and the applied 
layer of the primer composition will be unduly thick and will be deprived of uniformity of surface. Conversely if the 
amount is unduly small, the applied layer of the primer composition will be too thin to permit full improvement of the 
impact strength. ^ 

As the cross-linking agent, an organosilane compound of the formula-(ll) or the formula (III). The hydrolyzing group 
in the organosilane compound undergoes hydrolysis and forms a silanol group, which reacts with an organometallic 
alkoxide compound of the formula (IV). The product of this reaction, owing to the action of the catalyst and heat, 
undergoes a dehydration-condensation reaction with the hydroxyl group in the polyvinyl acetal and induces cross- 
linkage between or within molecules. The molecule that takes part in this cross-linkage is the hydrolysate of the orga- 
nosilane compound or the condensate thereof. The organosilane compound may be added in its unmodified form or 
after undergoing preparatory hydrolysis. One organosilane compound may be used or a mixture of two or more orga- 
nosilane compounds may be used. 

The organosilane compounds which are effectively used in the present invention include halosilane compounds 
having a halogen atom as a hydrolyzing group, alkoxysilane compounds having an alkoxy group as a hydrolyzing 
group, carboxysilane compounds having a carboxyl group as a hydrolyzing group, and ketooxime silane compounds 
having a ketooxime group as a hydrolyzing group. Among other organosilane compounds enumerated above, alkox- 
ysilane compounds prove particularly advantageous. 

As concrete examples of the hydrolyzable organosilane compound represented by the formula (II), dimethyl dimeth- 
oxysilane, dimethyl diethoxysilane, diethyl dimethoxysilane, diethyl diethoxysilane, phenylmethyl dimethoxysilane, 
phenylmethyl diethoxysilane, y-chloropropylmethyl dimethoxysilane. y-chloropropylmethyl diethoxysilane, y-methacry- 
loxypropylmethyl diethoxysilane, y-mercaptopropylmethyl dimethoxysilane, y-mercaptopropylmethyl diethoxysilane, y- 
aminopropylmethyl dimethoxysilane, y-aminopropylmethyl diethoxysilane, methylvinyl dimethoxysilane, methylvinyl di- 
ethoxysilane, y-glycidoxypropylrtiethyl dinnethoxysilane, 7:glycidoxypropylmethyl diethoxysilane. methyl trimethoxysi- 
lane, methyl triethoxysilane, methyl tripropoxysilane, methyl tributoxysilane, methyl tris(2-methoxyethoxy)silane, ethyl 
trimethoxysilane, ethyl triethoxysilane, ethyl tripropoxysilane, ethyl tributoxysilane, ethyl tris(2-methoxyethoxy)silane, 
propyl trimethoxysilane, propyl triethoxysilane, butyl trimethoxysilane, butyl triethoxysilane, hexyl trimethoxysilane, 
hexyl triethoxysilane, vinyl trimethoxysilane, vinyl triethoxysilane, vinyl tris(2-methoxyethoxy)silane, phenyl trimethox- 
ysilane, phenyl triethoxysilane, y-chloropropyl methoxysilane, y-chloropropyl trimethoxysilane, y-chloropropyl triethox- 
ysilane, 3,3,3-trifluoropropyl trimethoxysilane, 3,3,3-trifluoropropyl triethoxysilane, y-methacryloxypropyl trimethoxysi- 
lane, y-methacryloxypropyl trimethoxysilane, y-methacryloxypropyl triethoxysilane, y-aminopropyl trimethoxysilane, y- 
aminopropyl trimethoxysilane. y-mercaptopropyl trimethoxysilane, y-mercaplopropyl triethoxysilane, chloromethyl tri- 
methoxysilane, chloromethyl triethoxysilane, N-p-aminoethyl-y-aminopropyl trimethoxysilane, N-p-aminoethyl-y-ami- 
nopropyl triethoxysilane, y-glyci doxy propyl trimethoxysilane, y-glycidoxypropyl triethoxysilane, (3,4-epoxycyclohexyl- 
methyl) trimethoxysilane, (3,4-epoxycyclohexylmethyl) triethoxysilane, p-(3,4-epoxycyclohexylethyl) trimethoxysilane, 
p-(3,4-epoxycyclohexylethyl) triethoxysilane, tetramethoxysilane, tetraethoxysilane, tetrapropxysilane, andtetrabutox- 
ysilane may be cited. 

As concrete examples of the hydrolyzable organosilane compound represented by the formula (III), 1 ,1 -bis-(tri- 
methoxysilyl) ethane, 1 ,1 -bis(triethoxysilyl) ethane, 1 ,2-bis-(trimethoxysilyl) ethane, 1 ,2-bis(triethoxysilyl) ethane, 
1,3-bis(trimethoxysilyl) propane, 1 ,3-bis(triethoxysilyl) propane, 2,2-bis(trimethoxysilyl) propane, and 2,2-bis(triethox- 
ysilyl) propane may be cited. 

Appropriately, the amount of the organosilane compound to be added to the primer composition is in the range of 
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0.01 - 10% by weight, preferably 0.1 - 5% by weight. 

As the organometallic alkoxy compound of the formula (IV), an alkoxide or alkoxidediketonate compound of alu- 
minum or titanium is used. 

These compounds may be used either singly or in the form of a mixture of two or more members. The organometallic 

s alkoxide compound readily reacts with an organosilane compound or a hydrolyzed condensate thereof and the product 
of this reaction is caused to react with the hydroxy! group in the polyvinyl acetal through the medium of the catalyst 
and heat. The organometallic alkoxide compound is thought to function as a catalyst for promoting the dehydration- 
condensation reaction of the silanoi group in the organosilane compound resulting from the hydrolysis with the hydroxyl 
group in the polyvinyl acetal and also function as a cross-linking agent for the hydrolysis-condensation reaction with 

10 the organosilane compound. 

As concrete examples of the organometallic alkoxide compound represented by the formula (IV), aluminum tri- 
methoxide, aluminum triethoxide, aluminum tripropoxide, aluminum tributoxide, titanium tetramethoxide, titanium tetra- 
ethoxide, titanium tetrapropoxide, titanium tetrabutoxide, aluminum dipropoxide acetyl acetonate, aluminum dipropox- 
ide ethyl acetatoacetate. aluminum dibutoxide acetyl acetonate, aluminum dibutoxide ethyl acetoacetate, titanium 

75 dimethoxide bis(acetyl acetonate), titanium diethoxy bis(acetyl acetonate), titanium dipropoxide bis(acetyl acetonate), 
titanium dibutoxide bis(acetyl acetonate), titanium dipropoxide bis(ethyl acetoacetate), and titanium dibutoxide bis(ethyl 
acetoacetate) may be cited. Among other organometallic alkoxide compounds enumerated above, titanium alkoxide 
proves particularly advantageous. 

The amount of the organometallic alkoxide compound to be added to the primer composition is appropriately in 

20 the range of 0.01 - 10% by weight, preferably in the range of 0.1 - 3% by weight. Advantageously, this amount is not 
more than 50 mol% based on the amount of the organosilane compound. 

It the amount of the organometallic alkoxide compound exceeds 50 mol% of the amount ot the organosilane com- 
pound added, the primer composition will suffer a decline of the impact resistance. 

The minute .inor.gajQj£^|Dary£|i^^ ,a{,§,^mi e.«imorgamic oxide selected from among AI2O3, 

25 Ti02, 2r02, ^6203, Sb205: BoO,i§f®FSn02, Ce02, Si02, and WO3 or a composite of such inorganic oxides; minute 
particles of a compound oxide selected from among BaTi03, SrTi03, BaZr03, CoFe204, NiFe204, and MnFe204: or 
minute particles of a compound oxide solid solution selected from among (Ba^SOTiOg, Sr(Ti,2r)03, and (Mn,Zn)Fe204, 
for example. The minute inorganic particles enumerated above may be used either singly or in the form of a mixture 
of two or more members. As the minute particles of oxide, the relevant sols dispersed in water or an organic solvent 

30 which are commercially available may be used in their unmodified form. The minute particles of compound oxide or 
minute particles of compound oxide solid solution can be easily prepared by subjecting corresponding metal alkoxide 

compound to the sol-gel method. The average particle diameter.of4h^e^n]iQute inorganic particles is in the range of 1 - 

3G0^nm^ipreferabl^ip4tog*raage^ j^^^ the average particle diameter exceeds 300 nm. the lens will be clouded 

by random scattering ot light. 

35 The amount of the minute inorganic particles to be added to the primer composition is generally in the range of 

0. 1 - 30% by weight as solids concentration. The primer composition, when necessary, may omit the addition of minute 
inorganic particles. In any event, the kind and the amount of addition of the minute inorganic particles are adjusted so 
that the refractive index of the cured film of the primer may coincide with or approximate extremely closely to that of 
the plastic lens. Particularly, in the case of a plastic lens substrate having a high refractive index of not less than 1.60, 

40 It is appropriate to add the minute inorganic particles in an amount in the range of 1 - 5 parts by weight, based on 1 
part by weight of the polyvinyl acetal. 

The curing catalyst is not particuiarty limited. It is only required to be capable of promoting the dehydration con- 
densation of an organosilane compound, the hydrolyzed condensate of an organometallic alkoxide compound: and 
the hydroxyl group in polyvinyl acetal and the dehydration condensation reaction between silanoi groups. As concrete 

45 examples of the curing catalyst, organotin compounds such as dibutyl tin dilaurate, dibutyl tin dioctale, and dibutyl tin 
diacetate, organic amines such as propyl amine, butyl amine, dipropyl amine, dibutyl amine, triethanol amine, tetram- 
ethyl guanidine, methyl imidazole, and dicyan diamide. and organometallic complexes such as aluminum acetyl acetate 
and iron acetyl acetonate may be cited. Among other curing catalysts enumerated above, organotin compounds prove 
particuiarty advantageous. These curing catalysts may be used either singly or in the form of a mixture of two or more 

so members. 

The amount of the curing catalyst to be added to the primer composition is in the range of 0.002 - 10% by weight, 
preferably in the range of 0.005 - 1% by weight. 

The organic solvent in the primer composition may be any of the known organic solvents such as, for example, 
hydrocarbons, halogenated hydrocarbons, alcohols, ketones, esters, and ethers. The organic solvent is only required 
55 to be capable of thoroughly dissolving polyvinyl acetal and, at the same time, thoroughly dispersing the minute inorganic 
particles. Concrete examples of the organic solvent which is particularly effectively used, methanol, ethanol, propanol, 
butanol, hexanol, methyl cetlosolve, and ethyl cellosolve. These organic solvents may be used either singly or in the 
form of a mixture of two or more members. 
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The water in the primer composition is an essential component for the hydrolysis of the organosilane compound. 
The amount of water to be added is in the range of 0.1 - 20% by weight. If the amount of water so added is unduly 
large, the applied layer of the primer will be deprived of smoothness. Conversely if this amount is unduly small, the 
storage life of the primer solution will be unduly short. 
5 The primer composition of this invention permits incorporation therein of known additives such as leveling agents 

intended for improving the coating property, ultraviolet absorbents and antioxidants intended to improve the weather- 
ability, dyes, pigments, photochromic dyes, and photochromic pigments, and other additives intended for enhancing 
the film quality and imparting additional functions to the film. 

The method for applying the primer composition of this invention to the plastic optical part is not particularly limited. 
TO It may be any of the known methods such as, for example, the spin coat method and the dipping method. The surface 
of the plastic optical part to be coated by the primer composition, when necessary, may be subjected to a pretreatment 
such aS: for example, an alkali treatment, a plasma treatment, or an ultraviolet treatment. 

The plastic optical part is not particularly discriminated on account of the kind of the material thereof or the method 
of formation of the optical part. 

^5 The primer coat film which has been formed on the surface of the plastic optical part is cured by heating the fitnn 

at a temperature in the range of 50 - 120^*0, preferably in the range of 70 - 110°C, for a period in the range of 1 - 60 
minutes. By this heat treatment, the hydrolyzed organosilane compound in the primer composition, the hydrolyzed 
condensate of the organotitanate compound, and the hydroxyl group contained in the polyvinyl acetal undergo dehy- 
dration condensation to effect cross-linkage of the polyvinyl acetal molecules and, at the same time, the water formed 

20 by the condensation reaction and the organic solvent and water contained preparatorily in the primer composition are 
vaporized. Thus, on the surface of the plastic optical particle is deposited the primer layer which is formed of three- 
dimensionally cross-linked polyvinyl acetal. 

Appropriately, the thickness of the primer layer after being thermally dured is in the range of 0.1 - 5}im, preferably 
in the range of 0.2 - 3 i^m. If the thickness of the primer layer is less than 0.1 |am. the impact resistance will not be 

2S amply improved. Conversely, if the thickness exceeds 5 ^im, the heat resistance and the surface accuracy will be unduly 
low while the impact resistance may be infallibly improved. 

The plastic optical part such as, for example, the plastic lens which has been provided with the cured primer film 
is allowed to have a hard coat formed thereon by a known method for the purpose of improving the surface hardness 
thereof. The hard coat film can be formed by any of the known methods such as, for example, the wet method which 

30 comprises applying the hard coat solution containing the hydrolysate of an organoalkoxysilane, minute Inorganic oxide 
particles, and a metal complex catalyst by the dipping or spin coating technique to the plastic lens and subsequently 
thermally curing the applied layer of the hard coat solution and the dry methods such as the plasma CVD. 

As concrete examples of the organoalkoxysilane to be used in the wet method mentioned above, y-glycidoxypropyl 
trimethoxysilane, y-glycidoxypropyl triethoxysilane, y-glycidoxypropylmethyl diethoxysilane, methyl trimethoxysilane, 

35 methyl triethoxysilane, and 1 ,2-bis(trimethoxysilyl) ethane may be cited. The hydrolysate of such an alkoxysilane is 
prepared by hydrolyzing one member or a mixture of two or more members selected from the group of organoalkox- 
ysilane compounds enumerated above with an acidic aqueous solution such as of hydrochloric acid, for example. 

As the minute inorganic oxide particles, the sol of minute inorganic oxide particles dispersed in water or an organic 
solvent which is commercially available is used. As concrete examples of the minute particles of inorganic oxide for 

40 the sol, the sols of minute particles of such inorganic oxides as ZnO, SiOg, AI2O3, Ti02, Zr02, Sn02, BeO, Fe203, 
SbgOg, WO3, Ce02, and minute particles of complexes of such inorganic oxides may be cited. 

The minute particles of such compound oxides as BaTi03, SrTiOg, BaZr03, CoFe204, NiFe204, and MnFe204 
and the minute particles of such compound oxide solid solutions as (Ba,Sr)Ti03, Sr(Ti,Zr)03, and (Mn,Zn)Fe204 are 
also usable. The minute inorganic particles may be used either singly or in the form of a mixture of two or more members. 

45 The metal complex catalysts which are usable herein include metal salts of acetyl acetone and metal salts of 

ethylene diamine tetraacetic acid, for example. 

The hard coat solution is prepared, when necessary, with a surfactant, a coloring agent, or a solvent incorporated 
additionally therein. 

The thickness of the hard coat layer is not less than 1 |j.m, preferably in the range of 2 - 3 |j.m. 

50 Further, on the surface which is provided with the hard coat, the film of an inorganic compound capable of preventing 

reflection of light can be vacuum deposited by the known method. For the antireflection film, the single-layer structure 
or the multilayer structure can be adopted, depending on the optical theory. For the formation of the antireflection film, 
generally such techniques as the vacuum deposition, sputtering, ion plating, and CVD are available. As concrete ex- 
amples of the material for the antireflection film, such inorganic dielectrics as SiO, SiOg, AlgOg, Y2O3, Yb203, CeOg, 

55 Zr02. Ta203, TiOg, and MgFg may cited. 

For the purpose of preventing the antireflection film from smearing and swelling with water, an extremely thin film 
of either an organosilicon compound containing in the side chain such a hydrophobic group as alkyi group, phenyl 
group, or polyfluoroalkyi group or a fluorine-containing hydrocarbon compound may be formed optionally on the antire- 
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flection film. 

The reason for the conspicuous improvement which the plastic optical part provided with the cured film of the 
primer composition of this invention attains in its impact resistance is not necessarily clear. This improvement may be 
explained fairly well as follows. The cured film of the primer composition of this invention combines a high modulus of 
s elasticity with high flexibility and, therefore, is thought to discharge the part of absorbing the energy of an impact of 
some sort or other exerted on the plastic optical part. 

Then, since the cured film of the primer composition of this invention is cross-linked three-dimensionally, the pos- 
sibility of the polyvinyl acetai and other substances dissolving in and polluting the hard coat solution during the depo- 
sition of a hard coat by the wet technique is nil. Further, since the polyvinyl acetai which is the main component of the 
10 primer composition of this invention adequately possesses hydroxy I groups, it is thought to permit the three-dimensional 
cross-linkage and, at the same time, establish fast adhesion between the primer layer and the plastic optical part and 
between the primer layer and the hard coat film. 

EXAf^PLES 

75 

Now, this invention will be described more specifically below with reference to working examples. It should be 
noted, however, that this invention is not limited to and by these examples. [A] Preparation of primer composition 
containing minute inorganic particles 

20 (1) Preparation of primer composition (A-1) 

In a reaction vessel provided with a rotor, 2.2 parts by weight of methyl trimethoxysilane and 19.8 parts by weight 
of methanol were placed and 0.9 part by weight of 0.001 N hydrochloric acid was added thereto and they were collec- 
tively stirred for one hour to effect hydrolysis. 
25 The resultant hydrolysate and a solution of 2.2 parts by weight of titanium tetra-n-butoxide in 1 9.8 parts by weight 

of n-propanol added thereto were stirred for 30 minutes to obtain an organoalkoxysi lane/organ otitan ate hydrolyzed 
condensate. 

To the resultant hydrolyzed condensate solution, 133.3 parts by weight of a methanol sol having minute SnO^ 
WO3 complex particles dispersed therein and exhibiting an average particle diameter of 25 nm and a solids concen- 

30 tration of 30% (produced by Nissan Chemicals Industries, Ltd. and marketed under product code of "HtS-SOM"), 2.0 
parts by weight of dibutyl tin dilaurate as a curing catalyst, and 1 .3 parts by weight of a fluorine type surfactant (produced 
by Sumitomo 3M K.K. and marketed under trademark designation of "Florad FC430*') as a leveling agent were se- 
quentially added. The resultant mixture and a solution of 40 parts by weight of polyvinyl butyral resin having an average 
polymerization degree of 800 and a degree of butyralization of 68% (produced by Sekisui Chemical Co., Ltd. and 

35 marketed under trademark designation of "S-LEC BM-2") in 360 parts by weight of methanol, 70.2 parts by weight of 
methanol, 328.3 parts by weight of n-propanol. and 20 parts by weight of purified water added thereto were collectively 
stirred for one hour. Then, the produced mixture was passed through a membrane filter, 3 jam in mesh, to produce a 
primer composition. 

40 (2) Preparation of primer compositions (A-2) - (A-20) 

Primer compositions were prepared by following the procedure of the primer composition (A-1) while using the 
formations shown in Table 1 instead. The sols having minute inorganic oxide particles dispersed therein, polyvinyl 
butyral resins, and surfactants used in the formulations are shown below. 

45 

a) Sol having minute inorganic oxide particles dispersed therein 

HIS-30M Methanol sol having minute Sn02^W03 complex particles dispersed therein and exhibiting an average 
particle diameter of 25 nm and a solids concentration of 30% (produced by Nissan Chemicals Industries, Ltd.) 
50 HIS-30MN Methanol sol having minute SnOg/WOg complex particles dispersed therein and exhibiting an average 

particle diameter of 30 nm and a solids concentration of 30% (produced by Nissan Chemicals Industries, Ltd.) 

Afv/IT-130S Methanol sol having minute Sb203 particles dispersed therein and exhibiting an average particle di- 
ameter of 15 to 20 nm and a solids concentration of 30% (produced by Nissan Chemicals Industries, Ltd.) 

55 b) Polyvinyl butyral resin 

S-LEC BM-1 Polyvinyl butyral resin having an average polymerization degree of 600 and a degree of butyralization 
of 65% (produced by Sekisui Chemical Co., Ltd.) 
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S-LEC BM-2 Polyvinyl butyral resin having an average polymerization degree of 800 and a degree of butyralization 
of 68% (produced by Sekisui Chemical Co.. Ltd.) 

S-LEC BM-5 Polyvinyl butyral resin having an average polymerization degree of 850 and a degree of butyralization 
of 65% (produced by Sekisui Chemical Co., Ltd.) 
5 S-LEC BH-S Polyvinyl butyral resin having an average polymerization degree of 1 ,000 and a degree of butyrali- 

zation of 70% (produced by Sekisui Chemical Co., Ltd.) 

c) Surfactant 

10 Florad FC 430 Fluorine type surfactant (produced by Sumitomo 3M K.K.) 

SH 30 PA Silicon type surfactant (produced by Toray-Dow Corning K.K.) 
L7001 Silicon type surfactant (produced by Nippon Unicar K.K.) 
[B] Preparation of primer composition containing minute chemical oxide particles 

75 (1) Preparation of BaTI03/polyvinyl butyral solution (B'-1) 

In a reaction vessel provided with a rotor, 287.4 parts by weight of isopropanol, 43.9 parts by weight of barium 
diisopropoxide, and 48.9 parts by weight of titanium tetraisopropoxide were sequentially placed and were collectively 
refluxed by heating for two hours. The resultant solution was cooled to room temperature. Then, 18.6 parts by weight 
20 of purified water was gradually dropped into the cooled solution over a period of 10 minutes to give rise to minute 
particles of BaTiOg. The resultant solution and 1 .2 parts by weight of diisobutyl amine as a stabilizer and a solution of 
20 parts by weight of polyvinyl butyral resin (produced by Sekisui Chemical Co., Ltd. and marketed under trademark 
designation of "S-LEC BM-2") in 180 parts by weight of isopropanol added thereto were collectively stirred thoroughly 
for one hour to obtain 600 parts by weight of an isopropanol solution of BaTi03/polyvinyl butyral. 

25 

(2) Preparation of minute compound oxide particles/polyvinyl butyral solutions (B'-2) - (B'-IO) 

Minute compound oxide particles/polyvinyl butyral solutions (B'-2) - (B'-IO) were prepared by following the proce- 
dure used for the minute compound oxide particlesypolyvinyl butyral solution (B'-l ) while using the formulations shown 
30 in Table 2. 

(3) Preparation of primer composition (B-1 ) 

In a reaction vessel provided with a rotor, 4.3 parts by weight of methyl trimethoxysilane and 20 parts by weight 
3S of isopropanol were placed and 1.7 parts by weight of 0.01 N hydrochloric acid was added thereto and they were 
collectively stirred for one hour to effect hydrolysis. 

The resultant hydrolysate and a solution of 2.7 parts by weight of titanium tetra-n-butoxide in 20 parts by weight 
of isopropanol added thereto were collectively stirred for 30 minutes to obtain an organoalkoxysilaneAitanium alkoxide 
hydrolyzed condensate. 

40 To the resultant hydrolyzed condensate solution, 600 parts by weight of a BaTiOg/poly vinyl butyral solution (B'-l ), 

2 parts by weight of dibutyl tin dilaurate as a curing catalyst, and 1 part by weight of a fluorine type surfactant (produced 
by Sumitomo 3M K.K. and marketed under trademark designation of Tlorad FC 430") were sequentially added. The 
resultant mixture and 200 parts by weight of methanol, 108.3 parts by weight of isopropanol, and 40 parts by weight 
of purified water were added sequentially and they were collectively stirred for one hour. Then, the resultant mixture 

45 was passed through a membrane filter. 3 ^im in mesh, to prepare a primer composition (B-1). 

(4) Preparation of primer compositions (B-2) - (B-10) 

Primer compositions (B-2) - (B-10) were prepared by following the procedure used for the preparation of the primer 
50 composition (B-1 ) while using the formulations shown in Table 3. [C] Preparation of hard coat solution 

(1) Preparation of silicon type hard coat solution (C-1) of high refractive index 

In a reaction vessel provided with a rotor, 180 parts by weight of y-glycidoxy propyl trimethoxysilane was placed 
55 and stirred vigorously with a magnetic stirrer and 40 parts by weight of an aqueous 0.01 N hydrochloric acid solution 
was wholly added thereto and they were collectively hydrolyzed for one hour to obtain a partially condensed hydrolysate. 

The hydrolysate mentioned above and 630 parts by weight of a methanol sol having minute SnO^AA/Og complex 
particles dispersed therein (produced by Nissan Chemicals Industries, Ltd. and marketed under product code of "HIS- 
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30MN"), 4 parts by weight of aluminum ethylenedtamine tetraacetate as a curing catalyst, and 0.45 part by weight of 
a silicon type surfactant (produced by Toray-Dow Corning K.K. and marketed under product code of "SH 30PA") as a 
leveling agent added thereto were collectively stirred until thorough mixture. The resultant mixture was passed through 
a membrane fitter, 3 pirn in mesh, to prepare a hard coat solution (C-1). 

5 

(2) Preparation of silicon type hard coat solution (C-V) of high refractive index 

A hard coat solution (C-V) was separed by following the procedure used for the preparation of the hard coat solution 
(C-1) while using methanol sol (HIS-30MN) having minute Sn02A/V03 complex particles dispersed therein (produced 
TO by Nissan Chemicals Industries, Ltd.) in the place of the methanol sol (HIS-30MN) having minute SnOg/WOg complex 
particles dispersed therein (produced by Nissan Chemicals Industries, Ltd.). 

(3) Preparation of silicon type hard coat solution (C-2) of high refractive Index 

IS in a reaction vessel provided with a rotor, 210 parts by weight of y-glycidoxypropyl trimethoxysilane was placed 

and stirred vigorously with a magnetic stirrer and 40 parts by weight of an aqueous 0.01 N hydrochloric acid solution 
was added wholly thereto and they were collectively hydrolyzed for one hour to obtain a partially condensed hydrolysate. 

The hydrolysate consequently obtained and 600 parts by weight of a methanol sol having minute particles of Sb203 
dispersed therein (produced by Nissan Chemicals Industries, Ltd. and marketed under product code of "AMT-130S"), 

20 4 parts by weight of aluminum acetyl acetonate as a curing catalyst, and 0.5 part by weight of a silicon type surfactant 
(produced by Nippon Untcar K.K. and marketed under product code of ^7001 ") as a leveling agent added thereto were 
stirred until thorough mixture. Then, the resultant mixture was passed through a membrane filter, 3 ^im in mesh, to 
prepare a hard coat solution (C-2). 

2S [D] Production of plastic lens possessed of complex film and evaluation of quality 

A plastic lens possessed of a complex film as schematically illustrated in the diagram was produced and rated for 
quality. 

30 [Example 1] 

(1-1) Application of primer composition and curing 

An eyeglass grade plastic lens NLIV made of a thermosetting urethane resin and having a degree of -4.00 dioptre, 
35 a central thickness of 1 .0 mm, and a refractive index of 1 .66 was immersed in an aqueous 10% NaOH solution at 60**C 
by way of pretreatment, then washed with hot water, and dried. The primer composition (A-1 ) was applied to the opposite 
surfaces of this plastic lens 1 by the dipping method (speed of pulling 5 mm/sec.) and heat-treated at 90°C for 30 
minutes to cure the primer and form a primer layer 2. 

40 (1-2) Application of silicon type hard coat solution of high refractive index and curing 

The silicon type hard coat solution of high refractive index (C-1 ') was applied to the opposite surfaces of the plastic 
lens provided with the primer layer 2 obtained in (1 -1 ) by the dipping method (speed of pulling 5 mm/sec). The coated 
lens was heat-treated at 100°C for four hours to cure the hard coat layer 3. 

45 

(1-3) Formation of antireflection film 

A five-layer SiOg/ZrOg type antireflection film 4 was formed by the vacuum deposition method one each on the 
opposite surfaces of the plastic tens provided with the primer layer 2 and the hard coat layer 3 obtained in (1-2). 

so 

(1-4) Evaluation of quality of plastic lens possessed of complex film 

The plastic lens possessed of the complex film obtained in (1-3) was subjected to the following tests to evaluate 
the quality thereof. The results of this evaluation are shown in Table 4. 

55 

1 ) Adhesiveness of film 

For the evaluation of the adhesiveness of the film, a Crosshatch tape test was carried out by the following method. 
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On the surface of the coating layer, 100 crosscut squares (1 mm^) were formed with a cutter knife. Then, an adhesive 
cellophane tape (produced by Nichiban K.K. and marketed under trademark designation of "Cellotape") was strongly 
applied to the surface containing the crosscut squares. The tape, with one corner thereof nipped by fingers, was forcibly 
peeled in the direction of 90°. This peeling test was carried out on the same sample 10 times. 
s Thereafter, the surface of the coating layer was visually examined to determine the number of crosscut squares, 

N, which had escaped being peeled from the lens. The adhesiveness of the film was reported as X/100. In this case, 
the degree of adhesiveness increases in accordance as the magnitude of the numeral, X, increases. When the result 
of the Crosshatch tape test is "100/100", it indicates that absolutely no separation of the film has occurred. 



10 2) Resistance to scratch 



The surface of the antireflection film of the plastic lens provided with the complex film was rubbed 30 times with a 
wad of steel wool (#0000) which was pressed under a load of 600 g against the surface. The surface was then visually 
examined to determine the degree of scratch inflicted thereon. The degree was rated on the three-point scale, wherein 

15 

A: Scratch sustained in not more than 10% of area 

B: Scratch sustained in more than 10% and not more than 30% of area 

C: Scratch sustained in more than 30% of area 



20 3) Impact resistance 



The impact resistance of the plastic lens possessed of the complex film was rated by the falling ball impact test. 
A steel ball weighing 20.0 g was naturally dropped from a height of 127 cm to the central part of the plastic lens 
repeatedly until the plastic lens fractured or sustained a crack. The number of drops made before the fracture or crack 
25 was reported as the impact resistance. The maximum number of drops was 5. 



4) Heat resistance 



The plastic lens possessed of the complex film was left standing for 10 minutes in a constant temperature oven 
30 at 100^*0. After the standing, it was extracted into the ambience of norma! temperature and visually examined to de- 
termine the presence or absence of the occurrence of a crack, the size of a crack, If any, and the change of appearance 
by aging on the following three-point scale. The term "fine crack" means that the occurrence of a crack was confirmed 
and the crack disappeared after 15 minutes' standing and the term "medium thick crack" means that the occurrence 
of a crack was confirmed and the crack did not disappear after 15 minutes' standing. 

35 

A: No crack occurred after standing at 100°C for 10 minutes 

B: Fine crack occurred after standing at 100°C for 10 minutes 

C: Medium thick crack occurred after standing at 100°C for 10 minutes 



40 5) Weatherability 

The weatherability of the plastic lens possessed of the complex film was rated by a weathering test performed for 
300 hours by the use of an infrared long-life fade-o-meter (produced by Suga Shikenki K.K.). After this test, the lens 
was tested for degree of yellowing. The result of the test was rated on the following three-point scale. 

45 

A: Degree of yellowing of less than 2.0 after 300 hours 

B: Degree of yellowing of not less than 2.0 and less than 2.5 after 300 hours 

C: Degree of yellowing of not less than 2.5 after 300 hours 



50 6) Appearance 

The appearance of the plastic lens possessed of the complex film was determined by placing the sample in a dark 
room, projecting the beam of light from a fluorescent lamp on the sample in the dark room, and visually observing the 
transparency of the lens. The result of the test was rated on the following three-point scale. 

55 

A: No cloudiness 

B: Slight visible cloudiness 

C: Clearly visible cloudiness 
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7) Interference fringe 



The presence or absence of the occurrence of an interference fringe in the plastic lens possessed of the complex 
film was determined by placing the sample in a dark room, causing the beam of light from a fluorescent lamp to be 
reflected on the surface of the lens, and visually observing the lens to determine the occurrence of a fringe pattern due 
to interference of light. The result of the test was rated on the following three-point scale. 



A: No discernible fringe pattern 
B: Slightly discernible fringe pattern 
10 C: Conspicuously discernible fringe pattern 



[Example 2] - [Example 60] 

Plastic lenses possessed of a complex film were obtained by following the procedure of Example 1 while using 
primer solutions and hard coat solutions shown in Table 4 instead. The plastic lens substrate used in this case were 
NLIV having a degree of -4.00 dioptre and a central thickness of 1.0 mm and NLEF having a degree of -4.00 dioptre 
and a central thickness of 1.0 mm as shown in Table 4. The plastic lenses thus obtained were tested and rated for 
quality in the same manner as in Example 1 . The results are shown in Table 4. 



20 [Comparative Example 1] 



(1) Preparation of primer composition (D-1) 



One hundred (100) parts by weight of a hexamethylene diisocyanate type non-blocked polyisocyanate (produced 
by Nippon Polyurethane Kogyo K.K. and marketed under trademark designation of "Coronate H"), 167 parts by weight 
of a polyester type polyol (produced by Nippon Polyurethane Kogyo K.K. and marketed under trademark designation 
of "Nipporan 1 25"), 2 parts by weight of zinc octylate as a curing catalyst, 0. 1 part by weight of a fluorine type surfactant 
(produced by Sumitomo 3M K.K. and marketed under trademark designation of "Florad FC 430") as a leveling agent, 
and 500 parts by weight of ethyl acetate and 250 parts by weight of methylethyl ketone as solvents were uniformly mixed. 

(2) Preparation of plastic lens possessed of complex film and evaluation of quality 



A plastic lens possessed of a complex film was prepared by following the procedure of Example 1 while using the 
primer composition (D-l) instead and during the primer at 60*C for 30 minutes. The plastic lens substrate was NLIV 
having a degree of -4.00 dioptre and a central thickness of 1.0 mm. The evaluation of quality was performed in the 
same manner as in Example 1 . The results of rating are shown in Table 4. 

[Comparative Example 2] 



(1) Preparation of primer composition (D-2) 



The amount 250 parts by weight of a blocked polyisocyanate (produced by Nippon Polyurethane Kogyo K.K. and 
marketed under trademark designation of "Coronate 2529"), 180 parts by weight of a polyester type polyol (produced 
by Nippon Polyurethane Kogyo K.K. and marketed under trademark designation of "Nipporan 1100"), 2 parts by weight 
of zinc octylate as a curing catalyst, 1 .5 parts by weight of a silicon type surfactant as a leveling agent, and 1000 parts 
by weight of ethyl cellosolve and 1500 parts by weight of methanol as solvents were uniformly mixed. 



(2) Preparation of plastic lens possessed of complex film and evaluation of quality 



A plastic tens possessed of a complex film was produced by following the procedure of Example 1 while using the 
primer composition (D-2) instead and curing the primer at 1 30*C for 60 minutes. The plastic lens substrate used herein 
was NLEF having a degree of -4.00 dioptre and a central thickness of 1 .0 mm. The evaluation of quality was performed 
in the same manner as in Example 1 . The results of the evaluation are shown in Table 4. 



55 [Comparative Example 3] 



A plastic lens provided with a hard coat layer and an a nti -reflect ton coat layer was produced by using an NL plastic 
lens having a degree of -4.00 dioptre and a central thickness of 1 .0 mm while omitting the formation of a primer layer 
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It was tested for quality and the result of the test was rated in the same manner as in Example 1. The results of the 
evaluation are shown in Table 4. 

[Comparative Example 4] 

A plastic lens provided with a hard coat layer and an anti-reflection coat layer was produced by using an NLEF 
plastic lens having a degree of -4.00 dioptre and a central thickness of 1 .0 mm while omitting the formation of a primer 
layer. It was tested for quality and the result of the test was rated in the same manner as in Example 1 . The results of 
the evaluation are shown in Table 4. 

[E] Evaluation of primer composition for storage life 



The primer compositions (A-1 ) - (A-20) prepared in [A], the primer compositions (B-1 ) - (B-1 0) prepared in [B], and 
the primer compositions (D-1) and (D-2) prepared in Comparative Example 1 and Comparative Example 2 were stored 
75 at 5°C and kept under survey for change in viscosity. The duration in which the increase in viscosity of a given primer 
composition was within 5% from the level immediately after preparation was taken as the storage life of the primer 
composition and used for evaluation. The results ot the evaluation are shown in Table 5. 



[F] Evaluation of dyed lens for change of color tone 



An eyeglass grade plastic lens NLI V made of a thermosetting urethane resin and having a refractive index of 1 .66 
(produced by Nippon Kogaku K.K.) and an eyeglass grade plastic lens NLEF made of a thermosetting urethane resin 
and having a refractive index of 1 .60 (produced by Nippon Kogaku K.K.) were dyed by an immersion treatment per- 
formed in a bath of 7 parts by weight of Nikon Light Brown, an ordinary disperse dye in 1 ,000 parts by weight at 90°C 

25 for 10 minutes. The dyed lenses were tested for stimulus index Y in the LUV three-dimensional coordinates system 
by the use of a high-speed integrating-sphere type spectral transmission tester (produced by Murakami Shikisai Gijutsu 
Kenkyushoand marketed under product code of "DOT-3"). On the dyed plastic lenses, the primer compositions (A-1) 
- (A-20), (B-1) - (B-10), and (D-1) and (D-2) were severally deposited and cured by following the procedure of (1-1) in 
Example 1 . The dyed plastic lenses now provided with primer coats were tested again for stimulus index Y The color 

30 differences, DE, of the plastic lenses before and after the application of primers were calculated. The changes in color 
tone was rated on the following three-point scale. The results of the evaluation are shown in Table 5. 

A: Less than 1 .5 of color difference DE 
B: Not less than 1 .5 and less than 2.5 of color difference DE 
55 C: Not less than 2.5 of color difference DE 

It is clearly noted from Table 4 and Table 5 that the primer compositions according to this invention enjoy long 
lengths of storage life, require a heat treatment performed at a relatively low temperature for a short span of time to 
be cured, allow formation of a coating film excelling in fastness of adhesion and smoothness and, at the same time, 
40 notably improve the impact strength of a plastic optical part. 

Further, the dyed optical parts have such highly useful characteristics as showing virtually no change in color tone 
and incurring virtually no exudation from the primer layers during the formation of hard coat layers. 

Particularly, the plastic lenses provided with a primer layer formed by curing a primer composition of this invention, 
a hard coat film, and an antireflection layer excel in impact resistance and pass the impact resistance test specified 
45 by the FDA standard of the U.S. 



so 



55 



BNSDOCID: <EP 0763581 A2J_> 



13 



EP 0 76.3 581 



Table 1(1/4) 

(Unit:: parts by weight ) 



5 


Formulation/ 

Primer compos i t ion 


A-1 


A-2 


A-3 


A-4 


A-5 


10 


Organoalkoxysilane 

Methyl t r ime thoxy s i lane 
Tetramethoxysilane 
Dimethyl dimethoxysilane 
1 , 2-Bis( trimethoxysilyl 
ernane ) 


2.2 


2.4 


3.6 
1.4 


7.3 


2.4 


15 


Aqueous HCl solution 
COIN 
0-OOlN 


0.9 


1.1 


1.0 


2.9 


1.0 


20 


Organortietal alkoxide 

Titanium tetra-n-butoxide 
Titanium tetraisopropoxide 
Titanium diisopropoxybis 
( acetyl acetonate ) 


2.2 


2.3 


2,7 


3.7 


1.5 


25 


Minute particles of organic 
oxide 

HIS-30M 

HIS-30MN 

Ani - J.0U0 


133.3 


133.3 


200.0 


225.0 


225.0 


30 


Curing catalyst 

Dibutyl tin dilaurate 
Dibutyl tin diacetate 
Aluminum acetyl acetonate 


2.0 


0.5 


0.8 


3.0 


1.2 


35 


Leveling agent 
FC430 
SH30PA 
L7001 


1.3 


1.0 


1.0 


1.0 


0.8 


40 


Polyvinyl butyral 
- S^LEC BM-1 

S-LEC BM-2 

S-LEC BM-5 

S-LEC BH-S 


40.0 

- 


10.0 
10.0 


30.0 
— 


22.5 


22. 5 


45 
50 


Solvent 
Methanol 
n-Propanol 
Isopropanoi 
Ethyl cellosolve 
Purified water 


450.0 
348.1 

20.0 


500.0 
169.4 

50.0 
20.0 


400.0 
339.5 

20.0 


50.0 
644.6 

40.0 


450.0 
275 .6 

20.0 




Total 


1000 


1000 


1000 


1000 


1000 
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Table 1(2/4) 

( Unit:! parts by weight ) 



5 


Formulation/ 

Primer composition 


A-6 


A-7 


A-8 


A- 9 


A-10 


10 


Organoalkoxysilane 

Methyl t r ime thoxy s i lane 
Tetramethoxysilane 
Dimethyl dimethoxysilane 
1 , 2-Bis( trimethoxysilyl 
ethane ) 


6.5 


7.3 


9.6 


6.5 


9.7 


15 


Aqueous HCl solution 
O.OIN 
0 .OOIN 


2.6 


3.4 


1.1 


2.6 


1.3 


20 


Organometal alkoxide 

Titanium tetra-n-butoxide 
Titanium tetraisopropoxide 
Titanium diisopropoxybis 
( acetyl acetonate ) 


4.1 


2.7 


4.5 


3.2 


5.4 


25 


Minute particles of organic 
oxide 

HIS-30M 

HXS-30MN 

AMT-130S 


100-0 


100.0 


133 .0 


150-0 


150.0 


30 


Curing catalyst 

Dibutyl tin dilaurate 
Dibutyl tin diacetate 
Aluminum acetyl acetonate 


3.0 


1.5 


2.0 


0.8 


1.5 


35 


Leveling agent 
FC430 
SH30PA 
L7001 


1,0 


1.0 


1.3 


1.0 


1.0 


40 


Polyvinyl butyral 
S-LEC BM-1 
S-LEC BM~2 
S-LEC BM-5 
S-LEC BH-S 


30 . 0 


30.0 


40.0 

- 


30.0 


30. 0 


45 
50 


Solvent 
Methanol 
n-Propanol 
Isopropanol 
Ethyl cellosolve 
Purifi^ed water 


700.0 
102.8 

40.0 
10.0 


700.0 
104.1 

40.0 
10.0 


50.0 
738.2 

20.0 


450.0 
345-9 

10.0 


350.0 
431.1 

20.0 




Total 


1000 


1000 


1000 


1000 


1000 
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Table 1(3/4) 

(Unit:: parts by weight ) 



5 


Formulation/ 

Primer composition 


A-11 


A-12 


A-13 


A-14 


A-15 


10 


Organoalkoxysilane 

Methyl trimethoxysilane 
Tetramettioxysilane 
Dimethyl dimethoxysilane 
1, 2-Bis{ triraethoxysilyl 
ethane ) 


7.2 
2.8 


9,7 


5.6 


5.6 


8.7 


15 


Aqueous HCl solution 
0. OIN 
O.OOIN 


2.0 


1-3 


2.2 


0.7 


2.3 


20 


Organometal alkoxide 

Titanium tetra-n-butoxide 
Titanium tetraisopropoxide 
Titanium diisopropoxybis 
( acetyl acetonate ) 


5.1 


6.1 


2.8 


3.5 


4,3 


25 


Minute particles of organic 
oxide 

HIS-30M 

HIS-30MN 

AMT-130S 


200.0 


200.0 


214.3 


214.3 


133.3 


30 


Curing catalyst 

Dibutyl tin dilaurate 
Dibutyl tin diacetate 
Aluminum acetyl acetonate 


0.8 


4.5 


1.3 


2.6 


2.0 


35 


Leveling agent 
FC430 
SH30PA 
L7001 


1-0 


1.0 


0.9 


0.9 


1.3 


40 


Polyvinyl butyral 
- S-LEC BM-1 

S-LEC BM-2 

S*LEC BM-5 

S-LEC BH-S 


30.0 


30 . 0 


25 7 


25 7 


40.0 
- 


45 
50 


Solvent 
Methanol 
n-Propanol 
Isopropanol 
Ethyl cellosolve 
Purified water 


450.0 
241.1 

50.0 
10.0 


100.0 
637.4 

10.0 


60.0 
627.2 

40.0 
20.0 


500.0 
236.7 

10.0 


650.0 
108.1 

40.0 
10.0 




Total 


1000 


1000 


1000 


1000 


1000 



55 



BNSDOCID: <EP 076356 1A2J_> 



16 



EP 0 763 581 A2 



Table 1(4/4) 

(Unit: par-ts by weighs ) 



5 


Formal a-tion/ 

Primer composition 


A-16 


A-17 


A-18 


A-19 


A-20 


10 


Organoalkoxysilane 

Methyl trimethoxysilane 
Tetramethoxysilane 
Dimethyl dimethoxysilane 
1 , 2-Bis( trimet:hoxysilyl 
ethane ) 


4.9 


3.2 


3.6 


7.2 


7.2 


15 


Aqueous HCl solution 
O.OIN 
O-OOIN 


0.6 


0.4 


1-7 


0.9 


0.9 


20 


Oraanometal aDcoxide 

Titanium tetra-n-butoxide 
Titanium tetraisopropoxide 
Titanium diisopropoxybis 
( acetyl acetonate ) 


2.4 


3.2 


1.7 


3.4 


3.2 


2S 


Minute particles of organic 
oxide 

HIS-30M 

HIS-30MN 

AMT-i30S 


150.0 


200.0 


200*0 


200.0 


200. 0 


30 


Curing catalyst 

Dibutyl tin dilaurate 
Dibutyl tin diacetate 
Aluminum acetyl acetonate 


2.3 


1.5 


0.8 


0.8 


1.5 


35 


Leveling agent 
FC430 
SH30PA 
L7001 


1.5 


1-0 


1.0 


1-0 


1.0 


40 


Polyvinyl butyral 
, S-LEC BM-1 
S-LEC BM-2 
S-LEC BM-5 
S-LEC BH-S 


45.0 
- 


30 . 0 


30.0 
- 


15.0 
15.0 


30-0 
- 


45 
SO 


Solvent 
Methanol 
n-Propanol 
Isopropanol 
Ethyl cellosolve 
Purififed water 


550.0 
123.3 
100.0 

20.0 


350.0 
390-7 

20.0 


550.0 
191.2 

20.0 


50-0 
696.7 

10.0 


550.0 
156.2 

40.0 
10.0 




Total 


1000 


1000 


1000 


1000 


1000 
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Table 2(1/2) 



Formulation/Minutie particles 


B' -1 


B'-2 


B'-3 


B'-4 


B' -5 














Compound oxide solution 












Barium diisopropoxide 


43.9 


54.7 


54.7 


65.7 


65. 7 


Strontium diisopropoxide 












Titanium tetraisopropoxide 


48.9 


60.8 


60.8 


73.1 


73. 1 


Isopropanol 


287.4 


359.9 


309.9 


309,9 


331-6 


Purified water 


18.6 


23.1 


23.1 


27.8 


27. a 


Diisobutvl amine 


1 . 2 


1 . 5 


1 . 5 


1 . 8 


1 . 8 


Polyvinyl butyral solution 












S-LEC BM-1 


— 


10.0 


~ 


— 


— 


S-LEC BM-2 


20.0 


— 


20 . 0 


— 


20, 0 


S-LEC BM-5 


— 


— 




20 . 0 


— 


S-LEC BH-S 




10. 0 








X sopropanol 


XoU . U 


X ou . u 




XoU . U 


± c5U - U 


Total 


600 


650 


650 


700 


700 


Minute particles of compound 












oxide 












Composition x 


1.0 


1.0 


1.0 


1.0 


1.0 


(Ba,Sr(i.,,Ti03) 












Average particle diameter 


20-30 


20-30 


20-30 


20-30 


20-30 


(nm) 













(Unit: parts by weight, excepting composition x and 
average particle diameter) 
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Table 2(2/2) 



5 


Formul at ion/Minute pairticles 


B -O 


B -7 


B ' -8 


B -9 


B ' -10 




/polyvinyl butyral solution 














Compound oxide solution 














Barium diisopropoxide 


- 


- 


- 


30.7 


36.8 


10 


Strontium diisopropoxide 


56.0 


67.3 


67.3 


24-7 


29,6 




Titanium tetraisopropoxide 


77.3 


93-0 


93.0 


68.2 


81.9 




Isopropanol 


285.8 


302.6 


302.6 


302.4 


318.8 




Purified water 


29 . 4 


35.3 


35.3 


22, 5 


31 . 1 




Diisobutyl amine 


1.5 


1.8 


1.8 


1.5 


1.8 


15 


It U J. jr V XI Ijf X IJU.Uj^XaX oUXLIL^XUIL 














C — T Cr* HM 1 
b — LiCiC- DM — X 








10 . 0 






O J_iCjV^ oil ^ 






9 0 n 
- u 




on r\ 


















S-LEC BH-S 








inn 

X.\J m \J 




20 


Isopropanol 


180.0 


180.0 


180,0 


180.0 


180.0 




Total 


650 


700 


700 


650 


700 


25 


Minute particles of compound 














oxide 














Composition x 


0.0 


0.0 


0.0 


0.5 


0.5 




(Ba.Sr(,..jTi03) 














Average particle diameter 


15-25 


15-25 


15-25 


15-25 


15-25 


30 


(nm) 













(Unit: parts by weight, excepting composition x and 
average particle diameter) 
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40 
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Table 3( 1/2 ) 



5 


Formulation/ 

Primer composition 


B-1 


B-2 


B-3 


B-4 


B-5 


10 


Organoalkoxysilane 

Methyl trimethoxysilane 
Tet ramethoxy si lane 
Dimethyl dimethoxysilane 
1 , 2-Bis( trimethoxysilyl 
ethane ) 


4.3 


2.4 


6.5 


4.3 


2.4 
1.9 


15 


Aqueous HCl solution 
O.OIN 
O.OOIN 


1.7 


1.1 


2.6 


1. 1 


1.7 


20 


Organometal alkoxide 

Titanium tetra-n-butoxide 
Titanium tetraisopropoxide 
Titanium diisopropoxybis 
( acetyl acetonate ) 


2.7 


1.5 


3.2 


2.7 


3.4 


25 


Minute particles of compound 
oxide/polyvinyl butyral 
solution 


B'.l 


B'-2 


B' -3 


B'-4 


B'-5 






600 


650 


650 


700 


700 


30 


Curing catalyst 

Dibutyl tin dilaurate 
Dibutyl tin diacetate 
Aluminum acetyl acetonate 


2.0 


1.1 


2.0 


1.0 


1.5 


35 


Leveling agent 
FC430 
SH30PA 
L7001 


1 .0 


1.0 


1.0 


1.0 


1.0 


40 
45 


Solvent 
Methanol 
Isopropanol 
Ethyl cellosolve 
Purified water 


200.0 
148.3 

40.0 


100.0 
152.9 
40.0 
50.0 


284.7 
50.0 


269.9 
20.0 


228.1 

40. 0 
20. 0 


Total 


1000 


1000 


1000 


1000 


1000 



(Unit: parts by weight) 



so 
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Table 3(2/2) 



5 


Formulation/ 

Primer composition 


B-6 


B-7 


B-B 


B-9 


B-10 




OrganoalJcoxysi lane 












10 


Methyl trimethoxysilane 
Tetramethoxysilane 
Dimethyl dimethoxysilane 
1 , 2-Bis( trimethoxysilyl 
ethane ) 


4.3 


6.5 


4.8 


7.6 


7.3 


15 


Aqueous HCl solution 
O.OIN 
O.OOIN 


1.7 


1,3 


2.2 


3.4 


3.4 


20 


Organometal alkoxide 

Titanium tetra-n-butoxide 
Titanium tetraisopropoxide 
Titanium diisopropoxybis 
( acetyl acetonate ) 


2.2 


2.7 


3.6 


3.4 


3.2 


2S 


Minute particles of compound 
oxide/polyvinyl butyral 
solution 


B'-6 


B' -7 


B'-8 


B'-9 


B' -10 






650 


700 


700 


650 


700 


30 


Curing catalyst 

Dibutyl tin dilaurate 
Dibutyl tin diacetate 
Aluminum acetyl acetonate 


2,0 


1.1 


1.5 


1.0 


1.5 


35 


Leveling agent 
FC430 
SH30PA 
L7001 


- 

1.0 


- 
1,0 


1.0 


1.0 


1.0 


40 


Solvent 
Methanol 
Isopropanol 
Ethyl cellosolve 
Purified water 


288.8 
50.0 


267.4 
20.0 


100.0 
146.9 

40.0 


100.0 
199.6 

40.0 


224.1 

40.0 
20.0 


45 


Total 


1000 


1000 


1000 


1000 


1000 



(Unit: parts by weight) 
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1. A primer composition, comprising 

(A) a polyvinyl acetal of the general formula (I) 



40 



45 



■(CfisCHCHgCH) a-CCHgCH) b-CCHgCH) c- ( I ) 

III I 
0 0 OH 0 

\ / I 
CH C=0 



CH3 

in which R"" is a hydrogen atom or an alkyi group having 1 to 20 carbon atoms, the proportion of acetal group 
5^ repeating units a being from 10 to 90, the proportion of OH group-containing repeating units b being from 10 

to 90 and the proportion of acetyl group repeating units c being from 0 to 10, and a -»- b + c = 100; 
(B) at least one cross-linking agent selected from hydrolyzable organosiianes of the general formula (II) 
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^^d^^e"^'"^ 4-(d+e) 



(II) 



10 



15 



in which each of and Is a substituted or unsubstituted hydrocarbon group having 1 to 8 carbon atonns. 

is a hydrolyzing group, and each of d and e is 0 or an integer fronn 1 to 3, and hydrolysates thereof = and 
hydrolyzable organosilanes of the general formula (III) 



(111) 



in which R"^ is an organic group having 2 to B carbon atonns, each of R^ and R^ is a substituted or unsubstituted 
hydrocarbon group having 1 to 8 carbon atoms, is a hydrolyzing group, and each of f and^ is 0, 1 or 2, 
and hydrolysates thereof; 

(C) at least one compound selected from metal alkoxides of the general formula (IV) 



20 



25 



30 



\ 

// \ 



HC 



\ / 

C-0 



/ 



MCOE^) 



(IV) 



in which R^ is an alkyi or alkoxy group having 1 to 4 carbon atoms, each of R^ and is an alkyi group having 
35 1 to 4 carbon atoms, M is AlorTi, oisO, 1 or 2, pis an integer from 1 to 4, ando+£ (thevalency of M) is3or 4; and 

(D) inorganic particles, 

the composition containing, by weight, component (A) in an amount of 0. 1 to 20%, component (B) in an amount 
of 0.01 to 10%, component (C) in an amount of 0.01 to 10% and component (D) in an amount of 0 to 30%. 

2. A primer composition according to claim 1 , which contains also 0.002 to 1 % by weight of a curing catalyst. 

3. A primer composition according to claim 1 or claim 2, wherein the polyvinyl acetal is polyvinyl butyral. 

4. A primer composition according to any one of claims 1 to 3, wherein the hydrolyzable organosilane is an alkoxy 
^5 silane the hydrolyzing group of which is an alkoxy group having 1 to 4 carbon atoms. 

5. A primer composition according to any one of claims 1 to 4. wherein the inorganic particles are particles ot at least 
one inorganic oxide selected from AlgOg, TiOg, ZrOg, FegOg, SbgOg, BeO, ZnO, SnOj, CeOg. SiOg and WO3 or 
of a complex thereof, and have an average particle diameter of 1 to 300 nm. 

so 

6. A primer composition according to any one of claims 1 to 4, wherein the inorganic particles are particles of a 
compound oxide selected from BaTiOs, SrTiOg, BaZrOs. CoFe204, NiFe204, and MnFe204 or of a compound 
oxide solid solution selected from (Ba,Sr)Ti03, Sr(Ti,Zr)03, and (Mn,Zn)Fe204 and have an average particle di- 
ameter of 1 to 300 nm. 

55 

7. An optical element comprising a plastics substrate, a hard coat layer formed on the opposed surfaces of the sub- 
strate and, interposed between at least one surface of the substrate and its hard coat layer, a primer layer of a 
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r 



cross-linked polyvinyl acetal resin. 

8. An optical element according to claim 7. which is a lens. 

5 9. An optical element according to claim 7 or claim 8. wherein the primer layer has minute inorganic particles dispersed 
therein. 

10. An optical element according to any one of claims 7 to 9, wherein the primer layer is formed from a hydrolyzable 
organosilane or a hydrolyzed condensate thereof and a polyvinyl acetal resin cross-linked with an organometallic 

TO alkoxide. 

11. An optical element according to claim 1 0, wherein the organometallic alkoxide is an alkoxide of aluminum or titanium 
or an alkoxide diketonate of aluminum or titanium, 

'5 12. An optical element according to any one of claims 9 to 11, wherein the minute inorganic particles are minute 
particles of at least one inorganic oxide selected from AI2O3, Ti02, ZrOj, Fe203, Sb205, BeO, ZnO, Sn02, Ce02, 
Si02, and WO3 or of a complex thereof and have an average particle diameter of 1 to 300 nm. 

13. An optical element according to any one of claims 9 to 11, wherein the minute inorganic particles are minute 
20 particles ol a compound oxide selected from BaTi03, SrT!03, BaZr03, CoFe204, NiFe204, and MnFe204 or of a 

compound oxide solid solution selected from (Ba,Sr)Ti03, Sr(Ti,Zr)03, and (Mn,Zn)Fe204 and have an average 
particle diameter of 1 to 300 nm. 

1 4. An optical element according to any one of claims 7 to 1 3, wherein the primer layer has a thickness of 0. 1 to 5 |jm. 

25 

1 5. An optical element according to claim 1 4, wherein the primer layer has a thickness of 0.2 to 3 |j.m. 

16. An optical element according to any one of claims 7 to 15, wherein the hard coat layer has an antireflection film. 

30 17. An optical element according to any one of claims 7 to 16. wherein the primer layer is a cured primer composition 
according to any one of claims 1 to 6. 
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